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Evidence-Based Interventions in Low- and Middle-Income Countries: The
Tigress Awakens
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aThe articles included in this supplement investigate the neu-
obiology and development of adolescent health and disease,
rimarily focusing on what transpires during adolescence and
ow a young person subsequently responds to the full range of
nvironmental demands placed on him or her [1–3]. I would like
o draw attention to the fact that we are dealing in issues with
ultiple determinants. Clearly, at the level of the individual,
here is an interplay of beliefs, behaviors, and biology, which
etermines the balance between health and disease. At the level
f the family and the community, there are perceptions, which
re cultural; there are priorities, which are socioeconomic; and
here are pathways of access to health promoting and supporting
ervices and facilities. At the national and global levels, there is
evelopment in terms of stage and speed, as well as issues of
quity related to the areas of education, income, social status,
nd gender. All of these factors impact on adolescents in contem-
orary society. So in looking at these issues, we must focus both
n the individual as well as the larger social contexts.
These articles focus in part on the neuroscience of the devel-
ping and differentiating human brain, particularly during the
ritical stage of adolescence [1]. Further, these articles investi-
ated the development of health and disease spanning across
any periods, beginning with prenatal inﬂuences, moving to
hildhood, adolescence, and adulthood. Ultimately, the common
essage that emerges is that we need to adopt a life course
pproach to understanding adolescence. Focus as wemay on the
ndividual, we cannot forget that inﬂuences extend from the
renatal period through later adulthood [2,3].
In these remarks, I will not attempt to summarize what has
een presented; instead, I will offermy personal perspective as a
eeting participant. Before I do so, however, let me offer a bit of
ackground about myself. I have a great respect for evolutionary
iology, and although it cannot explain everything in human
cience, I believe it provides unique insights into newareas of the
iology of behavior. So too, I have a longstanding interest in
evelopmental origins, partly because of my own collaborative
ork with David Barker, but also because it is not difﬁcult to
rack the developmental origins of several health disorders, in-
luding tobacco exposure in early life and adult cardiovascular
isk [4]. Similarly, over time, I have become convinced of neuro-
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n early childhood and adolescence.
With this in mind, I picked up a copy of National Geographic
ot long ago with the title, “The New Science of the Teenage
rain” [5]. The cover presents a ﬁgure of a teenager with a blurb
hat reads, “We are not as crazy as you think.” The article is
rilliantlywritten, summarizing some of the current science, but
t is this statement that I will defend as I begin my commentary
nwhat I learned from the supplement articles. First, I would like
o pose the question: are we talking about an immature brain or
re we talking about a developing brain? From the work pre-
ented here, I think it is clear that adolescence is a stage in
evelopment and that the degree of neurobiological immaturity
een during this age is really a stage in the continued movement
oward full maturity. Now, is adolescent behavior characterized
y unpredictability or adaptability? As discussed here, this age
eriod is deﬁned by the ability to learn and to adapt—to not only
pply new information, but also to shed what is not considered
seful, in a remarkable display of ﬂexibility. Therefore, what
ight be seen as unpredictability should be re-envisioned as a
echanism for adaptability. In terms of neurobiology, I would
rgue it is a developing brain rather than an immature brain, but
bove all, it is a learning brain.
Whereas childhood is a stage of rapid neurodevelopment,
dolescence is a stage of continued development with rapid
ifferentiation, as evidenced by synaptic pruning processes, my-
lination, and back-to-front cortical development in which the
refrontal and frontal centers are actually developing later, re-
ulting in a relative lack of cognitive control over subcortical
tructures. Furthermore, with this stage in development comes
ncreased vulnerability, as highlighted in the phenomenon of hot
ognition, which makes an adolescent more prone to emotional
isorders and risk behaviors. Butwemust ask ourselves:why are
hese things occurring in the adolescent brain? Evolutionarily,
he interplay of these forces provides a strong platform for new
earning. As such, adolescence is an opportunity for enterprise,
hich warrants the risk taking associated with it. Reward is
ighly prized, even when risks do not seem to offer sure success.
here is agility and ability to think, sift, shift, store, or shed new
nformation. The adolescent brain keeps what is useful and dis-
ardswhat is not, allwith the aimof helping the adolescent adapt
o a changing world [1,6].
In many ways, one can think of an adolescent as analogous to
n entrepreneur, or an innovator in Silicon Valley. You will see
he same type of person in both cases: someone who takes risks,
th and Medicine. Open access under CC BY-NC-ND license.
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risks they face. In both cases, you see individuals with a remark-
able ability to innovate as they grow. Contrast this, however,
with a larger company, which has already grown and acquired
stability, like an adult, but lost some of their previous mobility
andﬂexibility. Think of IBM.With this inmind, I urge you to think
of the adolescent brain as an evolutionary success story. It would
be disappointing if it were otherwise.
Although adults experience neuroplasticity aswell, it is not to
the same extent as in adolescents, who have a far greater capac-
ity for absorption, assimilation, and adaptation. However, on the
ﬂip side, the hyper-reactivity of the adolescent brain can lead to
vulnerability as well as risk behaviors. This is where we need to
look at appropriate interventions. We need ensure that adoles-
cents grow up in caring and supportive environments at home
and in school so the triggers of hyper-reactivity are reduced,
eliminated, or appropriatelymodiﬁed to reduce their risk of poor
mental health outcomes or likelihood of engaging in risk behav-
iors. Given what we have learned from epigenetics—that the
environment inﬂuences gene expression—we need to better un-
derstand how we can provide safe, supportive, and stimulating
environments for the adolescent to explore and to growwithout
running into high risks [2]. Indeed, this is the real challenge we
ace: integrating the new science into our existing policies and
rograms. Simply put, we need tomake their environment safer.
How do we actually do that? Obviously, we cannot restrict
xploration, but we can ensure that adolescents face fewer haz-
rds. Regulation of areas like tobacco and other addictive sub-
tances as well as food comes into play here [3]. To control
otential ill effects, we must regulate harmful practices through
olicies.Whether you are talking in terms of obesity or disorders
ike tobacco addiction, we ﬁnd conditioned environments in
hich the market is playing a major role. Clearly, there is a need
or regulation to make the environment less hazardous for the
dventurous teenager. In addition to regulation, there is recog-
ition of the need for scaffolding, given the various stages of
evelopment the adolescent brain traverses as it enters adult-
ood. For many behaviors, thresholds must be assessed in an
ge-appropriate manner, so protective measures can be taken
hrough the scaffolding of certain interventions. A good example
f this is the age atwhich alcohol can be sold or consumed. Theseissues need to be exploredmuch further in thenewbrain science,
not by handcufﬁng the adolescent, but ensuring a safer society.
This is the responsibility that we bear. Just as the tigress
allows her cubs to explore new surroundings as she keeps a
watchful eye for predators, we must keep a watchful eye for
industries preying on our youth, trying to invade their develop-
ing minds with marketable products. This is society’s responsi-
bility that we must reﬂect through our policies.
Focusing speciﬁcally on low- and middle-income countries,
we must synthesize what we have learned here and translate it
to action. These articles clearly reﬂect a universal transference of
basic biological knowledge, but they also carry with them an
understanding about the kind of environments that are safe,
supportive, and stimulating for adolescents. We have an oppor-
tunity at this point in time in the developmental trajectory of
low- and middle-income countries to shape the environment
through appropriate policies. So, the question for lower- and
middle-income countries is how do we shape our society to
provide these safe environments for adolescents while unleash-
ing their evolutionary advantage into positive pathways for per-
sonal and societal advancement? The challenge is not merely for
the health professional, but for those dealing with larger devel-
opmental issues, and therefore, the message of this particular
supplement should be disseminated not only to professionals
but also to policy makers, so that this understanding percolates
into multiple policy and programmatic pathways.
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